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1. Introduction 

Tangential Winding Coil Probes 
for Dipole, Quadrupole and 

Sextupole Magnet Measurements 

S. H. Kim 
lS~ 1.67 

The number of coils for a rotating coil probe of "tangential winding 
geometry" depends on the requirements of the magnet measurements. 
In order to measure the main field, multipole coefficients and the 
location of the magnetic center axis, two sets of coils are sufficient for a 
rotating coil probe of "radial winding geometry." A probe of tangential 
winding geometry, on the other hand, requires more than two sets of coils 
to measure the above field parameters. This note describes probes of 
tangential winding geometry with a minimum number of coils for dipole, 
quadrupole and sextupole magnet measurements. 

2. Two-dimensional Magnetic Field 

or 

The 2-D field in the aperture of a magnet may be expressed as 
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where l :::: X + iy :::: rexp(i8) and R is a reference radius. The multipole 
coefficients Cn, bn and an are related to each other as 

C 
_n ___ exp(-ina ) :::: B (b 1 + ia 1)' 

n-1 n 0 n- n-
R (3) 

In Eq. (1) it is defined that bo :::: 1.0 fOJ dipole, bl :::: 1.0 cm~ 1 for quadrupole 
and b2 :::: 1.0 cm -2 for sextupole magnets. 



3. Dipole Magnet Probe 

Figure 1 shows the cross section of a probe configuration for dipole 
measurements. It consists of two coil sets: one b.-coil with an opening 

- "" 
angle of b. and one 'IT-coil (a dipole coil with an opening angle 'IT). 

The flux linkage of the two coils at an angular position of 8 is given by 

¢A(8} ~ ¢D(8) :::: LN ~ C [~ln-l ~ 2sin n(8 - a )* 
l..J. b. n=l n R n n 

where ¢ b. and ¢D are flux linkages of the b.-coil and n-coil respectively, l the 
effective magnetic length of the measuring magnet, and N b. and ND are the 
number of turns of the b.-coil and 'IT-coil. 

The condition for the bucking of the dipole field component is 
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With a choice of the probe coil parameters, Nb. = 14, ND = 3 and 
b.:::: 24.74725 0

, relative sensitivities of muifipole coefficients are listed in Table 
1. 

4. Quadrupole Magnet Probe 

Figure 2 shows the cross section of a probe configuration for quadrupole 
magnet measurements. The probe consists of one b.-coil, one 'IT-coil and 
two nj2-coils (quadrupole coils). 

The flux linkage of the probe at an angle 8 is given by 

¢~(O) - ¢oCO) - ¢Q(O) = LN~n~l Cn [~ln-l ~ 2sin n(O - an )* 

[sin (~b.) _ (ND!Nb.)Sin (~'IT) - {1 + (_l)n} (NQ!Nb.)sin [~n)], 
(6) 

where ¢Q is the flux linkage of the two quadrupole coils each with NQ turns. 



The bucking conditions of the dipole and quadrupole fields components of 
the probe coil in Eq. (6) are . 

C1 [N~sin (~) - ND] = 0, (7) 

C2 [N~sin (~) - 2NQ] = 0. (8) 

With a choice of the probe coil parameters, N~ ::: 18, ND ::: 3, NQ::: 3, and 
~::: 19.47122°, relative sensitivities of multipole coefficients are listed in Table 
2. 

The implication of Eq. (7) is further discussed for the case when the rotating 
axis of the probe is displaced from the magnetic axis of the measuring 
magnet. When the rotating coil and magnet axes do not coincide as shown 
in Figure 3, the multipole coefficients with respect to the xy-coordinate 
system and those with respect to the x'y' -coordinate system are related as 
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From Eq. (9) the field in the x'y'-coordinates for a quadrupole magnet Cn 
(n¢2) «C2 is given by 

B' + iB' = C exp(-i2a) 
8 r 2 2 
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The flux linkages of the coils in Fig. 2 due to Eq. (10) are 
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Flux linkage, 4>A(8') - 4>D(8') - ¢Q(8') of Eqs. (11), (12) and (13) satisfies the 
bucking conditions of Eqs. (7) and (8). In this case the dipole coefficient in 
Eq. (7) is equivalent to C 1 ::: C2 fo/R. 

As shown in Eq. (13) the flux linkage of the two 1!'/2-coils does not depend on 
ro exp(i80 ); it depends only on the quadrupole field strength of the magnet. 

In summary, the quadrupole magnet probe has the following features. 

1. In the measurements of multipole coefficients, the dipole and 
quadrupole components are cancelled out, whether the probe axis is 
located in the magnetic axis or not. 

2. The detection of the magnetic center axis is expressed in Eq. (12). 
When the radii of the winding conductors of the 1!'-coil differ by Ar, an 
additional term due to the quadrupole field, 

C
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should be added to Eq. (12). 

3. The quadrupole field integral is measured from the two 1!' /2-coils as 
shown in Eq. (13). 

5. Sextupole Magnet Probe 

Figure 4. shows the cross section of a probe configuration for sextupole 
magnet measurements. The probe consists of one A-coil, two 1!' /2-coils and 
two 1!' /3-coils. 

The coils are connected to have the flux linkage of the coils such that 

[sin[~A) - {I + <_l)n} NQ/NAsin(~1!') - {I - <_l)n} Ns/NAsin[~1!')]f 
(14) 

where ¢S(8) is the '/T/3-coil flux linkage and NS is the number of turns for each 
of the 1!' 13-coils. 



The bucking conditions for the quadrupole and sextupole field components 
in Eq. (14) are 

C2[N~sin(~) - 2NQ] = 0, 

C3[N~sin(~~) - 2NsJ = o. 

With a choice of the probe parameters Nt,.::::: 15, NQ ::::: 2, NS ::::: 3 and 

(15) 

(16) 

~ ::::: 15.71879°. relative sensitivities of the multipole coefficients are listed in 
Table 3. 

When the probe axis is displaced from the magnetic axis as shown in Fig. 3, 
for a sextupole magnet Cn (n¢3) «C3, one obtains from Eq. (9) 

(17) 

The flux linkages of the coils in Fig. 4 due to Eq. (17) are 
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The flux linkage, ¢ t,. (8') - ¢Q( e') - ¢S( 8') of Eqs. (18), (19), and (20) also 
satisfies the bucking conditions of Eqs. (15) and (16). The quadrupole 
coefficient in Eq. (15) is equivalent to 2fo C3/R. The dipole field term in Eq. 
(17) which is proportional to ro 2r, is neglected in the subsequent calculations 
in Eqs. (1 8) ~ (20). 

From Eqs. (19) and (20) the magnetic axis and sextupole field integral are 
measured. 
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Table 1. Probe Coil Parameters for Dipole Magnets. 

NL1 = 14, No = 3, and L1 = 24.74725°. 
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Table 2. Probe Coil Parameters for Quadrupole Magnets. 

N~ = 18, ND = 3, N Q = 3, and /j, = 19.47122°, 
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Table 3. Probe Coil Parameters for Sextupole Magnets. 

N1.\ = 15, N Q = 2, NS = 3, and 1.\ = 15.7187". 
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Fig. 1. Cross section of a tangential wing coil for dipole magnet 

measurements. It consists of one ~-coil and one TC-coil (dipole coil) 

which is used for the bucking of the dipole field and for the 

measurements of dipole field integral. The vertical axis, which 

bisects the angle of the ~-coil is the reference angular direction, 

8=0. 
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Fig. 2. Cross section of a tangential winding coil for quadrupole 

magnet measurements. It consists of one L1-coit one 1t-coil which 

is used for the bucking of the dipole field and for the 

measurements of the magnetic center, and two 1t/2-coils for the 

bucking of the quadrupole field and for the measurements of 

quadrupole field integral. 
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Fig.3. Coordinate systems of the magnetic center (MC) and cylinder 

rotation axis (CR). The MC is located at O. The CR,which is located 

at O',is displaced from MC by Zo = ro exp(i8o)' The corresponding axes 

of the xy and x'y' coordinates are in parallel. Z and Z' are coordinates 

of point P on the cylinder surface with respect to the two coordinate 

systems. 
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Fig.4. Cross section of a tangential winding coil for sextupole 

magnet measurements. It consists of one .6.-coit two n/2-coils 

which is used for the bucking of quadrupole field and for the 

measurements of the magnetic center; and two n/3-coils which is 

used for the bucking of the sextupole field and for the 

measurements of the sextupole field integral. 




